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1 Especially oxo-metal reagents in high oxidation state have been found to be versatile stoichiometric and/or catalytic oxidants toward a variety of organic and inorganic substrates via electron transfer, oxygen atom transfer, hydride transfer, and proton-coupled electron transfer pathways.
2 Among multiple ruthenium species appeared in the syntheses and mechanistic studies, Ru(III) complex is quite interesting material to investigate. However, there is a complication since Ru(III), once formed, undergoes disproportionation reaction to give Ru(II) and Ru(IV).
Ammonium A yellow solid with 54% yield was isolated by suction filtration followed by washing with water and methanol.
5
Broad resonance peaks between −8 and 18 ppm for bipyridyl protons in the 1 H NMR spectrum for the product are observed, which suggest the existence of a paramagnetic material. The peak at 145 ppm in the 31 P NMR spectrum shown as sharp septet indicates the phosphorous atom in the PF 6 anion salt. In the ESR spectrum of the prepared complex, the g-tensor values are well matched with those of other Ru(III) complexes previously studied.
4b,6
Single crystals were grown from acetonitrile solution added to diethyl ether. A prismatic crystal of the Ru(III) of approximate dimensions of 0.3 × 0.2 × 0.2 mm was mounted and a Rigaku Rapid R-axis diffractometer equipped with graphite-monochromated Mo-Kα radiation (λ = 0.7107 Å) was employed for data collection.
7 A total of 11232 (2715 independent) reflections were collected, which yielded 1244 reflections observed for I > 2σ(I). The final agreement factors were R[F 2 > 2σ(F 2 )] = 0.0208 and wR(F 2 ) = 0.0474. The crystal structure of this salt is composed of mononuclear cationic ruthenium complex in six-coordinate with four nitrogen atoms of the bpy ligands and two chlorine atoms cis each other balanced by hexafluorophosphate anion. Figure  1 shows the perspective view of the cis-[Ru
compound with atom labeling. The ruthenium atom in this molecule has an imposed two-fold rotational symmetry and there is a unique chloride and a unique bpy ring per molecular unit. Because of the ionic nature of the Ru(III), neither stacking interactions nor close contacts are observed in the lattice.
As shown in Table 1 , the Ru(III)-Cl bond length is 2.337(1) Å, which might otherwise have been expected in a compound of this type. 8, 9 9 As shown in Table 2 , the difference in crystallographic system is Cl − complex crystallizes in the triclinic space group of P1, whereas monoclinic C2/c for the complex containing PF 6 − . Effects of ligand electronic asymmetry observed in the crystal structure are, once again, evident in the Ru(III)-N(bpy) distances for both complexes. The Ru(III)-N(bpy) bond distance of 2.053(5) Å trans to the coordinated chlorides in the complex containing PF 6 − is comparable with the pair of Ru(III)-N(bpy) bonds (2.054(5) and 2.045(5); average 2.050(5) Å) in the complex containing Cl -, but longer than that in the parent Ru(II) (2.013(2) Å) containing the shortest Ru-N(bpy) bond length. The Ru(III)-N(bpy) bond distance of 2.073 Å trans to another bpy nitrogen atom is longer than that in Ru(II) structure (2.054 Å). This observation points to the importance of Ru(III)-bpy backbonding. The bpy ligand is a relatively weak π-acid whose σ-donor capacity is expected to be significantly greater than that of chloride ion at Ru(II). For a bipyridyl nitrogen atom trans to a second bipyridyl nitrogen atom, competition exists for electron density involving the same filled d π orbitals.
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The "bite angle" of the bpy ligand in the Cl − salt is quite similar to that in the PF . The widening of the angle is probably a consequence of increased Cl-Cl repulsion due to the shortening of the Ru(III)-Cl bond in Ru(III) compared to Ru(II). All of these observations point that the bulky phosphate anion gives some influence on the geometry of the molecular cation in the complex.
In the present study, we prepared and characterized [Ru (2) o is 5 o wider than that in the corresponding Ru(II) molecule.
